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Residential mobility is associated with adverse health and health behaviors. 
Pregnant women who move, and their babies, may therefore have adverse health effects 
such as low birth weight, preterm delivery and postpartum depressive symptoms as a 
result of moving. However, few studies have examined these associations.  
The objectives of this study were to determine the prevalence and correlates of residential 
mobility in a sample of pregnant women and to determine if residential mobility during 
pregnancy are associated with adverse birth outcomes and postpartum depressive 
symptoms. It was hypothesized that movers will have babies with lower birth weight, on 
average, deliver more preterm babies, and have a higher prevalence of postpartum 
depressive symptoms than non-movers. Data were obtained from the Conditions 
Affecting Neurocognitive Development and Learning in Early Childhood (CANDLE) 
study. Participants were pregnant women between the ages of 16 and 40, between 16 and 
28 weeks pregnant at enrollment. Results indicated that the prevalence of residential 
mobility was approximately nine percent. Educational attainment [less than high school 
(adjusted odds ratio [aOR] = 3.29, 95% CI = 1.45, 7.49) and high school/technical school 
(aOR = 3.47, 95% CI = 1.95, 6.19) compared to college degree or higher], and length of 
residence (aOR = 0.90, 95% CI = 0.85, 0.96) were associated with residential mobility. 
There was no association of residential mobility with birth weight (aOR = 0.68, 95% CI = 
0.15, 2.97) or preterm delivery (aOR = 0.78, 95% CI=0.41, 1.50). In multivariable 
analysis, there was no association of residential mobility with postpartum depressive 
symptoms (aOR = 1.51, 95% CI = 0.84, 2.71). There was, however, effect modification 
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by stress of the association between residential mobility and postpartum depressive 
symptoms (P = .02). Among women with stress, there was no effect of residential 
mobility on postpartum depressive symptoms (aOR = 0.36, 95% CI = 0.11, 1.16). While 
there was an association of residential mobility with postpartum depression among 
women without stress (aOR = 1.96, 95% CI = 0.99, 3.90). These findings indicate that 
residential mobility in pregnant women does not have an adverse effect on birth weight or 
preterm delivery. However, more studies are needed on residential mobility during 
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The prevalence of residential mobility is high in the United States. According to a 
recent report, 12% of Americans moved between 2012 and 2013.1 Local moves (within 
the same county) have increased over the last two decades among Americans 18 years 
and older but most of these moves were downward moves, rather than upward moves.2 
About 75 percent of all moves in 2010 were local moves.2 Residential mobility may be 
‘upward’ or ‘downward’ in terms of improvement or otherwise of housing or 
neighborhood quality.3,4 Upward mobility typically refers to moves that improve the 
housing or neighborhood quality while downward mobility refers to the opposite.2 
Although a frequent occurrence in the US5, long distance residential mobility has 
been on the decline over the past three decades with a corresponding increase in local 
moves.2,6 Racial and socioeconomic differences exist in the rates of residential 
mobility.4,7,8 Racial differences have been observed in the rates of mobility, with ethnic 
minorities moving more frequently and into higher poverty neighborhoods than whites.9-
11 Further, ethnic minorities are less likely to move into higher quality neighborhoods 
despite economic attainment.10,12 Findings from a recent study show that African 
Americans are more likely to move between moderate and high poverty areas than 
whites.9 Local movers are frequently African Americans or Latino.2 Low income 
populations have higher rates of mobility4,8 and generally they move for economic or 
social reasons4 such as moving to cut housing expenses.13 While higher income 
populations tend to improve the quality of housing and neighborhood when they move.14 
Most moves are within the same county and may occur at certain time points in the life 
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cycle such as when people get married or when they have children.6,15 For short distance 
moves, the neighborhoods may not necessarily change (e.g. advantaged vs. 
disadvantaged) and any change in the circumstances of movers may be attributable to 
mobility and the reasons behind it and not where they moved to or where they moved 
from.3  
Factors associated with Residential Mobility 
Residential mobility may be voluntary or involuntary (not a result of housing 
dissatisfaction).3 Most people move voluntarily 13 and deleterious effects may apply to 
those that move involuntarily.6,16 Staying in place may reflect satisfaction with the 
housing and neighborhood but could also be an indication of a lack of resources to move 
to better housing or neighborhoods.4 Most people who move involuntarily as a result of 
eviction or other type of forced move, such as due to foreclosure or problems with the 
housing unit, move to more deprived neighborhoods.13,17 
Residential mobility is determined by individual characteristics as well as external 
circumstances.18 These various factors typically work together to influence the propensity 
to move.19 Movers may have different characteristics from non-movers and this may be 
based on the distance moved, whether the move is short-term or long term or where they 
move from/to.20 Typically, families make decisions to move based on push and pull 
factors which are negative factors associated with the current place of residence and 
positive factors that are associated with the potential place of residence.4,21 However, this 
may not apply to low income people because they tend to have financial and housing 
problems that may cause them to change residences frequently or stay in their current 
residence despite the desire or need to move.13 
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In the general population, individual factors such as age and marital status have 
been associated with residential mobility. Younger adults are more likely to move than 
older adults because younger people may move for educational reasons or job related 
reasons.6,11,13 Also, single individuals may be more inclined to move than married 
couples, as well as move over longer distances compared to people living with family 
because of family relations.13,22  
Household size may affect the propensity to move. Larger households and 
families with children may move less frequently than smaller households and individuals 
without children.22  Housing tenure also affects the decision to move.23 Renters are more 
likely to move than home owners.10,24 Perhaps this is because home owners are more 
satisfied with their place of residence than renters.14 Additionally, people of low income 
are more likely to be renters than home owners.8 
 While housing or neighborhood dissatisfaction may influence residential 
mobility, among people of low income, this dissatisfaction may contribute to them 
moving more frequently than others. 18,25 According to data from the Current Population 
Survey, a monthly survey sponsored by the Census Bureau and the Bureau of Labor 
Statistics, long distance moves (across counties) are more likely for work-related reasons, 
and short distance moves tend to be for family and housing related reasons.26 Similarly, a 
study by Clark and Maas27 using data from the Housing, Income, and Labour Dynamics 
Survey in Australia (HILDA) reported that most local moves were for housing, family, 
and neighborhood reasons. Furthermore, eviction is another reason for residential 
mobility among people of low income.17 In a recent study of renters in Milwaukee drawn 
from the Milwaukee Area Renters Study, the authors reported that among the low income 
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renters who move involuntarily, many move to lower quality neighborhoods in terms of 
poverty and crime. They also found that single mother households moved to 
neighborhoods with higher crime rates than other households.17  
Evidence suggests that residential mobility occurs at certain time points in the life 
course.6,28 For instance, a move is likely to occur when people get married and/or have 
children.6  However, frequent residential mobility can be a sign of housing problems, 
especially among people of low socioeconomic status.13 One study suggests that with 
respect to moving, families are more sensitive to a reduction in income than to an 
increase; an indication that families tend to move (even if the move was unplanned) as a 
result of a reduction in income rather than an increase.15  
Effects of Residential Mobility  
One characteristic that may differ between movers and non-movers is health 
status.20 Due to the stressful nature of moving to a new residence, healthy individuals 
usually choose to do so voluntarily and more frequently than persons with health 
problems.29 Although moving can be health selective, in that movers are generally 
healthier than non-movers, health status may be a consequence of moving.20 Several 
studies have found an association of residential mobility with poor health in both adults 
and children. Residential mobility in childhood was found in the West of Scotland 
Twenty-07 Study to be associated with poor overall health and psychological distress in 
adolescence and adulthood.30 Exeter et al. found an association of residential mobility 
with increased risk of hospitalization for cardiovascular disease in a sample of adults in 
New Zealand.31 A large study of adolescents from the National Survey on Drug Use and 
5 
 
Health of residential moves within five years before the survey found that residential 
mobility was associated with major depressive episodes within the past 12 months.32  
 When healthy people move, the move is more likely to be an upward move.7 Lu 
and Qin in their study of a nationally representative sample of internal migrants in China 
found that movers had better health than those who did not move.29 Thus, babies born to 
movers may be healthier than babies born to non-movers. However, the healthy status of 
movers may not apply to pregnant women because the few studies on this population 
suggest that pregnant movers are more likely to be of low income and of poor health 
status.33  
  Although a change in neighborhood may impact health, as it has been suggested 
that moving to more deprived neighborhoods is associated with poorer health and may 
explain health differences between neighborhoods.34-36 Poorer health status of individuals 
in certain neighborhoods may be because individuals with poor health tend to move to 
more deprived neighborhoods and vice-versa. Therefore, this movement may explain 
health differences between neighborhoods.35,36 In a study covering a twenty year period 
in England and Wales, differences in ill health and mortality rates between urban and 
rural areas were observed  and attributed to selective migration, where people who moved 
from more deprived to less deprived areas were healthier than those who moved to more 
deprived areas.36 
Apart from health outcomes, health behaviors may also be impacted by residential 
mobility as higher rates of mobility have been associated with adverse health behaviors 





Residential Mobility during Pregnancy 
Over the course of life, changes in the family composition occur which cause a 
dissatisfaction with current housing or housing stress/disequilibrium.38 Therefore it is not 
unusual for families to move in anticipation of starting or expanding a family, possibly 
for better or larger housing. Findings from a study by Rabe and Taylor (2010) using data 
from the British Panel Survey, indicated that among married couples, having a baby was 
associated with a move into a higher quality neighborhood, but this was not the case for 
unmarried women.39 Similar results were found in a Finnish study of women with 
partners and married women who moved in anticipation of a birth (including during 
pregnancy), moved after a birth or had a baby within one year of moving.40  
However, not all moves during pregnancy are upward moves33 and low income 
mothers may not have the means to move to a higher quality neighborhood simply 
because they are expecting. Low income mothers may move in with family or their 
partner as many studies demonstrate that low income single mothers often do not live 
alone but with their parents, family or partner.41 Low income movers may differ from 
other movers in that they face worse housing difficulties and constraints.24 Further, a 
recent study of residential histories of over 700 women in Rhode Island reported that 
among movers, about 24% lived in the same zip code, 38% lived in the same city and  
60%  lived in the same county during pregnancy and 12 months postpartum. Many (39%) 
of the women who moved stayed in a neighborhood with the same levels of poverty as 
before.42 This agrees with the observation that many moves are over a short distance and 
as such the neighborhoods do not necessarily change after a move.3,43 
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A limited number of studies have examined the association of residential mobility 
during pregnancy with birth outcomes and its correlates. Residential mobility during 
pregnancy is important because this may be an indication of housing problems, especially 
for single mothers and could be a cause of stress for them. Additionally, as previously 
mentioned, residential mobility has been associated with adverse health outcomes and 
may therefore have adverse effects on pregnant women and their children.  
Residential mobility during pregnancy could be associated with adverse birth 
outcomes, which could be due to an increase in mother’s stress.44 Women experience 
many changes during pregnancy . That, coupled with residential mobility, could increase 
the stress of the mother. Frequent residential mobility, i.e. four or five times within five 
years prior to pregnancy has been demonstrated to be a source of stress during 
pregnancy.44 The evidence suggests that stress during pregnancy is a risk factor for 
adverse pregnancy outcomes such as low birth weight and preterm delivery.45,46 It may 
also be detrimental to those who are forced to move because it could indicate a break in a 
relationship or financial reasons.6 
Residential Mobility and Adverse Birth Outcomes 
Low birth weight (infants weighing less than 2500 g at birth)47 and preterm births, 
(births at less than 37 weeks of gestation)47  are major public health concerns, especially 
among African Americans and low income women in the US.48-51  The rate of preterm 
delivery in the US is higher than that of other developed countries.52 In 2014 preterm 
birth affected approximately ten percent of all births, while low birth weight affected 
eight percent of all births. These rates were highest among non-Hispanic blacks (13.23% 
and 13.15% for preterm and low birth weight, respectively).53 Being a single mother, 
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having low educational attainment, and delayed prenatal care have been associated with 
the risk of preterm delivery.52 
  Low birth weight is associated with many short-term health conditions. Low 
birth weight infants have a significantly higher risk for infant mortality and 
developmental disabilities than normal weight babies.54 Likewise, infants born before 
term are at increased risk of developmental delays and other complications. This has been 
duplicated in many studies. In a population-based study of health outcomes of individuals 
born preterm, using data from the National Survey of Children’s Health, investigators 
found an increased risk of cerebral palsy, autism spectrum disorder, developmental delay 
and other behavioral conditions.55  
Indicators of socioeconomic status have been shown to be associated with birth 
outcomes in many studies56 and they are among the most important causes of low birth 
weight together with medical risks and maternal lifestyles.57 A systematic review of 
disparities in adverse birth outcomes showed that many studies demonstrate that lower 
income, lower educational attainment, occupational skill level and area deprivation are 
associated with low birth weight, and preterm delivery.56 However, findings from a few 
studies demonstrate that residential mobility during pregnancy could be another risk 
factor for low birth weight.58  Except for these few studies, however, the role of 
residential mobility in the incidence of low weight has not received much attention. 
Studies of residential mobility and adverse birth outcomes have been done to 
compare international immigrants’ birth outcomes and long distance moves across the 
US.59,60 However, more studies are needed on moving within the country and short-
distance moving61,62 as there are mixed reports on the effects of moving during pregnancy 
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on birth outcomes.61,63 It is conceivable that residential mobility during pregnancy may 
affect birth outcomes, however, the effect of intra-county moves on preterm births and 
low birth weight has not been adequately studied.58,61  
It is possible that movers are healthier and therefore have healthier babies, but for 
low-income women who move, this may not be the case as they may move for negative 
reasons.4 Thus they may be exposed to stressful situations that could impact the health of 
the baby. A recent study of young urban mothers aged between 14 and 21 and recruited 
from community hospitals found that mothers with unstable housing were more likely to 
deliver low birth weight babies.58 Results from another study of US women of Mexican 
origin suggests that those who moved from their state of birth had better birth outcomes 
than non-movers, i.e. movers had a lower risk of low birth weight and small for 
gestational age than non-movers.64 A large study of women and their children in Chicago 
with data drawn from the Illinois transgenerational dataset found that women who move 
before delivery have better birth outcomes than non-movers but this association did not 
remain significant after adjusting for neighborhood income.62 Another large study of 
mobile mothers and their infants born between 2000 and 2002 in the UK also reported 
worse health outcomes for mobile pregnant women, new mothers and children compared 
to non-movers.33  
These discrepant findings indicate the need for more studies on the effects of 
residential moves on birth outcomes. 
Residential Mobility and Postpartum Depression 
Many studies have examined the factors associated with postpartum depression. 
Factors including stressful events during pregnancy,65 socioeconomic status,66 depression 
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and anxiety during pregnancy,67 low levels of social support,68 have been identified as 
risk factors for postpartum depression.  
One possible effect of residential mobility during pregnancy could be on mothers’ 
mental health during the postpartum period. Postpartum depression is a major depressive 
disorder that occurs after birth and is a common problem for new mothers. Postpartum 
depression occurs within four weeks of delivery and is characterized by having symptoms 
that can last for up to a year.69 Though it is underdiagnosed,69 between 13 to 19 percent 
of women report some symptoms of postpartum depression70 making it the most common 
pregnancy complication.71 The risk of postpartum depression is even higher in women of 
low socioeconomic status and young mothers.72,73 It is uncertain whether depression is 
more common in women during the postpartum period than at other times in the life 
course,74 however, depression among women is common during the child bearing 
period.75 Women who develop postpartum depression are at risk of developing recurrent 
episodes of depression.76 
Women, generally, are at higher risk of suffering from depression than men.77 
Depression has been associated with residential moves in the general population, 
including people of low income.78,79 Also, using data from the Behavioral Risk Factor 
Surveillance System (BRFSS), there was an association between housing instability and 
psychological distress among veterans.80 In a Danish national study, multiple moves 
during childhood was associated with a spectrum of mental disorders including 
depression in adolescence and adulthood.81 Another study in the UK using data from the 
British Household Panel Survey over a ten year period (from 1996 to 2006) suggests that 
movers are at increased risk of mental health problems than non-movers.34 Following 
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from this, it is likely that moving while pregnant may further affect pregnant women’s 
mental health. Residential mobility/housing instability could cause depression by 
affecting social networks and access to social and family support and healthcare and 
disrupt daycare and school arrangements.82 In a recent study of African American women 
who had just given birth, participants who had experienced a foreclosure while they were 
pregnant or during the past two years had higher mean depression score and overall 
higher rates of depression than other women.83 Several studies have found that among 
women, an association exists between housing instability and depression.78,82,84 These 
studies suggest that depression could be a possible aftermath of mobility during 
pregnancy. 
Women of childbearing age and women of low socioeconomic status tend to be 
relatively highly mobile.4,8 There could potentially be an association of mobility with 
postpartum depression especially for new mothers because mobility could be a stressful 
event in addition to the responsibility of taking care of a child. Postpartum depression can 
have serious consequences for both the mother and the child. In fact, findings from a 
recent study show that mothers affected by postpartum depression had higher risks of 
housing insecurity and homelessness.85 However, few studies have examined the 
association of residential mobility during pregnancy with postpartum depression. In 
addition to possible housing insecurity following postpartum depression, a review of 
studies on postpartum depression and its effects showed that mothers who suffer from 
this condition tend to have poor parenting skills and their children have increased risk of 
behavioral and health problems.86  
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 In summary, residential mobility can be considered a public health problem even 
more so for pregnant women due to the detrimental effects that it could have on their 
health as well as that of their children. There are limited studies on the factors associated 
with residential mobility during pregnancy and its effects on birth outcomes and 
postpartum depression. This study aims to address this gap.  
The overall goal of this dissertation is to determine the factors associated with 
residential mobility among pregnant women in Shelby County, TN and to determine if 
residential mobility during pregnancy affects birth outcomes and is associated with 
postpartum depressive symptoms. This dissertation consists of three interrelated studies. 
The first study examines the factors associated with residential mobility during 
pregnancy. The second study examines the association of residential mobility during 
pregnancy with birth outcomes. The third study examines the association of residential 
mobility during pregnancy with postpartum depressive symptoms. 
Specific Aims and Hypotheses 
The specific aims and related hypotheses are as follows: 
1. To examine the correlates and prevalence of residential mobility during 
pregnancy. 
2. To examine the association of residential mobility during pregnancy with adverse 
birth outcomes defined as low birth weight and preterm birth. 
It is hypothesized that residential mobility during pregnancy is inversely 
associated with birth weight and incidence of preterm birth. 






























Factors Associated with Residential Mobility during Pregnancy 
ABSTRACT 
OBJECTIVE 
The study objective was to determine the factors associated with residential mobility 
during pregnancy in a sample of middle and low income women in Shelby County, TN. 
METHOD 
Data were obtained from the CANDLE study. Participants included 1,448 mothers that 
were followed from the second trimester to delivery. The primary outcome of residential 
mobility was defined as any change in address during this time period. Logistic 
regression was used to determine factors associated with mobility.  
RESULTS 
Out of 1448 participants, approximately 9% moved during pregnancy. After adjusting for 
covariates mothers with lower educational attainment [less than high school (adjusted 
odds ratio [aOR] = 3.29, 95% CI = 1.45, 7.49) and high school/technical school (aOR = 
3.47, 95% CI = 1.95, 6.19) compared to college degree or higher], and shorter length of 
residence in neighborhood (aOR = 0.90, 95% CI = 0.85, 0.96) were more likely to move 
compared to other mothers. 
CONCLUSION 
The findings indicate that residential mobility is less frequent in this population compared 
to that reported in other studies. Educational attainment and length of residence were 





Residential mobility is common in the US.5  Residential mobility has been 
associated with poor health outcomes including depression in adolescents and adults, and 
developmental risk in children when compared with children living in secure 
housing.13,32,87  
While residential mobility can be a reflection of improvement in circumstances, 
for example, moving to a safer neighborhood, it can also be for negative reasons such as 
financial hardships.4 Low income populations have higher rates of mobility and generally 
move for economic or social reasons such as moving to cut housing expenses.4,8,13  
In addition to individual characteristics of movers, neighborhood characteristics, 
including indicators of quality, such as safety, have been associated with residential 
mobility in some studies.14,26,27 Findings from Schatcher26 suggest that the strongest 
reason for short distance/intra-county moves is housing-related, which includes moving 
to a better or a safer neighborhood. A recent study also found that moving to improve 
satisfaction with one’s neighborhood was a reason for moving.27 This may apply to 
pregnant women, for instance, who may have concerns about the quality of the 
neighborhood where their child will live. 
Previous research has examined residential mobility in pregnant women. It is 
estimated that between nine and 32% of women move during their pregnancy and many 
stay in the same municipality.88-90 Findings from these studies suggest that factors such as 
socioeconomic status and maternal age affect the mobility status of pregnant women.91,92, 
93 However, to our knowledge, few studies of residential mobility among pregnant 
women included perceptions of neighborhood quality. Furthermore, many of these 
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studies have produced inconsistent results with regards to factors such as race, smoking 
status and alcohol use.91-93  
 The present study aims to assess the prevalence of residential mobility during 
pregnancy in a cohort of predominantly low-income pregnant women between the ages of 
16 and 40 with a low-risk pregnancy and examines the relative roles of demographic, 
psychosocial, behavioral, socioeconomic and neighborhood influences on mobility. 
Method  
Data Collection 
The study used data from the Conditions Affecting Neurocognitive Development 
and Learning in Early Childhood (CANDLE) study—a prospective study that followed a 
cohort of 1,503 mother-child dyads over a period of 5 years. Participants were recruited 
from obstetrician clinics and the general community in Memphis/Shelby County, TN 
from December 2006 to June 2011. Participants were recruited during the second 
trimester of pregnancy. Eligible women had to be a resident of Shelby County, pregnant 
between 16 and 28 weeks gestation, between the ages of 16 and 40, could speak and 
understand English, had a singleton pregnancy, had a low-risk pregnancy and plan to 
deliver at one of the five participating health care clinics in Shelby County (Baptist 
Memorial Hospital Memphis, Methodist Le Bonheur Germantown Hospital, Regional 
Medical Center, Saint Francis Hospital Bartlett, and Saint Francis Hospital Memphis).94  
 Women were excluded if they had pregnancy complications such as diabetes or 
hypertension, red blood cell alloimmunization, sickle cell trait, severe anemia, renal or 
cardiopulmonary disease; prolapsed or ruptured membranes, oligohydramnios; complete 
placenta previa, endocrine disease, collagen disease, hepatitis, renal disease,  pulmonary 
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or heart disease requiring medication or limitation of physical activity, major fetal 
anomaly and human immunodeficiency virus.94  
Of the 3,320 eligible participants, 1,503 (45%) enrolled. For the present study, 
















Figure 1. CANDLE recruitment flow chart 
 
Participants gave their informed consent before the start of data collection and 
after their eligibility was determined. Participants were offered gift cards of between $35 
Assessed for eligibility (N=5,228) 
Excluded (n=3,725) 
   Not meeting inclusion criteria 
(n=1,908) 
   Declined to participate (n=1,817) 
 
Movers (n=135) Non-movers (n=1313) 
 (N=1,503) 






and $50 as incentives for participation. The study was approved by the University of 
Tennessee Health Science Center’s Institutional Review Board and was exempt from 
review by the Institutional Review Board at the University of Memphis.  
Measures 
The main outcome of mobility was defined as at least one move during 
pregnancy. Mobility was determined by the number of changes in the participant’s 
address from the time of enrollment (16 to 28 weeks pregnant) to delivery. Participants 
with more than one address between these two time points were considered “movers”.  
 Race was self-reported and grouped into African American, white and other. 
Annual household income level was reported in eleven categories and coded as a 
continuous variable (Income: 1 = less than $4,999, 2 = 5,000 to 9,999, 3 = 10,000 to 
14,999, 4 = 15,000 to 19,999, 5 = 20,000 to 24,999, 6 = 25,000 to 34,999, 7 = 35,000 to 
44,999, 8 = 45,000 to 54,999, 9 = 55,000 to 64,999, 10 = 65,000 to 74,999, 11 = 75,000 
and above). Maternal educational attainment was grouped into three categories for 
analysis: less than high school, high school/technical school, and college degree.  
Employment status was reported as employed or unemployed. Marital status was reported 
as six categories: married, widowed, divorced, separated, never married and living with 
partner and was  categorized into married, cohabiting and others because marriage is 
considered to be more stable than cohabiting.95 Insurance coverage was self-reported and 
categorized as TennCare/Medicare and other insurance. Maternal age, household size and 
length of residence were self-reported. These were coded as continuous variables. The 
number of children was self-reported and was dichotomized into whether the woman had 
other children before this pregnancy or if this was her first child.  
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Smoking status and alcohol use during the current pregnancy were determined by 
asking the mothers two separate questions about their substance use during the current 
pregnancy (Yes/No).  
Maternal depression was defined as a score of 70 or higher on the depression 
subscale of the Brief Symptom Inventory (BSI).96 The BSI is a well validated tool for 
assessing psychological symptoms with good internal consistency and test-retest 
reliability.96 It has 53 items with nine subscales and three global indices of distress. The 
nine dimensions include somatization, obsessive–compulsive, interpersonal sensitivity, 
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. The 
items are based on a 5-point Likert-like scale ranging from not at all to extremely.96 
Depression was coded as a dichotomous variable based on the cut off score of 70 for 
clinical significance.96 Social support was measured with the Social Support 
Questionnaire – Short Form (SSQ6).97 This is a 6-item measure used to quantify 
perceived availability of and satisfaction with social support.97 The satisfaction score uses 
a 6-point Likert-like scale ranging from very satisfied to very dissatisfied. Social support 
availability score quantifies the number of persons a respondent can turn to when they are 
in need under various circumstances.98 Both measures of social support were analyzed as 
continuous variables with higher scores indicating higher satisfaction and more available 
social support.  
 Neighborhood quality was assessed based on participants’ subjective perception 
of their neighborhood using two questions: “How safe do you feel your neighborhood is 
from crime?” (4-point Likert scale from very unsafe to very safe) and “Do you feel the 
neighborhood where you currently live is a good place to raise children?” (Yes/No). 
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Perception of neighborhood safety was dichotomized into two groups based on the 
participants’ responses (Very safe/safe vs. very unsafe/unsafe).  
Data Analysis 
All statistical analyses were performed using SAS 9.4 software (Cary, NC) and 
SPSS (version 24). The frequencies and percentages of demographic variables were 
calculated for the sample. Continuous variables were summarized using means and 
standard deviations. The sample was also described by mobility status.  Bivariate 
analyses were conducted to assess the unadjusted associations of the independent 
variables with mobility.  To determine the crude associations with mobility, all variables 
were analyzed one at a time in logistic regression models. The multivariable model was 
built using backward elimination regression. Variables that were significant at the .20 
level in bivariate analysis were included in the multivariate model. Variables were 
removed one at a time from the model starting with the variable with the highest p-value. 
Missing Data 
Analysis of missing values indicated that household size, length of residence, 
employment status, indicators of neighborhood quality, social support and depression 
variables had more than 5% missing data. To assess whether this missingness affected the 
results, missing variable analysis on these variables was done using Little’s MCAR test in 
SPSS. This test indicated that the missing data were not missing completely at random (χ2 
= 34.8, df = 21, P = .03). Missing data were imputed for these variables using multiple 
imputation (fully conditional specification) method with the PROC MI procedure 
followed by PROC MIANALYZE procedure as a form of sensitivity analysis. Bivariate 
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analysis of the imputed data showed no differences when compared to the complete case 
analysis, hence further analysis of imputed data was not performed. 
Results 
Participant Characteristics  
After exclusion of 55 participants who did not have address data the final sample, 
1,448 participants were included in these analyses. The average age of participants was 
26 (SD 5.4) years. The majority of the participants were African American (66.3%), and 
32% were White with only a small percentage being of other ethnicities (1.7%). Most had 
less than a college degree: 12% had less than a high school education while 57% had a 
high school education. Thirty-eight percent were married and 41% were primipara. Half 
of the participants were unemployed and 59% were enrolled in TennCare/Medicare. 
Approximately 10% reported smoking and 8% reported drinking alcohol. Eighty-six 
percent reported their neighborhood as a good place to raise children and 90% reported 
their neighborhood was safe. Median length of residence in current neighborhood was 
two years and mean household size was 4.4. The mean availability of social support score 
was 3.6 and the mean satisfaction score was 5.7. Approximately 9% (n = 135) of 
participants moved at least once while pregnant. The majority of movers moved once 132 
(97.8%) while 3 (2.2%) moved twice. 
More movers, were enrolled in TennCare/Medicare (77%) than non-movers 
(57.3%). Fewer movers were married than non-movers (23.7% vs. 38.9%). Movers were 
mostly African American (77.6%). Movers had a similar household size as non-movers 
(4.2 vs 4.4 persons). Movers also had a shorter median length of residence than non-
movers (0.3 vs. 3.0 years).  Table 1 describes the sample by mobility status.  
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Table 1. Characteristics of the sample by mobility status 
 Total  
(N = 1448) 
Movers  
(n = 135) 
Non-Movers 
(n = 1313) 
 N (%) or SD N (%) or SD N (%) or SD 
Age (mean) 26.0 (5.4) 24.5 (4.9) 26.2 (5.5) 
Race    
    African American 959 (66.3) 104 (77.0) 855 (65.1) 
    White 462 (32.0) 28 (20.8) 434 (33.1) 
    Other 25 (1.7) 2 (1.5) 23 (1.8) 
    Missing (%) 2 (0.1) 1 (0.7) 1 (0.1) 
Parity    
    Primiparous 595 (41.1) 58 (43.0) 537 (40.9) 
    Multiparous 853 (58.9) 77 (57.0) 776 (59.1) 
Employment Status    
    Unemployed 594 (49.4) 61 (45.2) 533 (40.6) 
    Employed 608 (50.6) 48 (36.5) 560 (42.6) 
    Missing (%) 246 (17.0) 26 (19.3) 220 (16.8) 
Maternal education    
    Less than High School 174 (12.0) 24 (17.8) 150 (11.4) 
    High School/Technical School 821 (56.8) 94 (69.6) 727 (55.4) 
    College/Graduate degree 451 (31.2) 17 (12.6) 434 (33.0) 
    Missing (%) 2 (0.1)  2 (0.2) 
Marital Status    
    Married 543 (37.5) 32 (23.7) 511 (38.9) 
    Cohabiting 275 (19.0) 34 (25.2) 241 (18.4) 
    Others 629 (43.5) 69 (51.1) 560 (42.7) 
    Missing 1 (0.1)  1 (0.1) 
Annual income 6.1 (3.4) 4.8 (2.8) 6.2 (3.5) 
   Missing (%) 129 (8.9) 14 (10.4) 115 (8.8) 
Household size (persons) 4.4 (1.5) 4.2 (1.5) 4.4 (1.5) 
   Missing (%) 234 (16.2)   
Insurance    
    TennCare/Medicare 857 (59.2) 104 (77.0) 753 (57.3) 
    Other 591 (40.8) 31 (23.0) 560 (42.7) 
Social support Availability 
(mean) 
3.6 (1.9) 3.3 (1.7) 3.6 (1.9) 
    Missing (%) 126 (8.7) 3 (2.2) 123 (9.4) 
Social support Satisfaction 
(mean) 
5.7 (0.7) 5.8 (0.5) 5.7 (0.7) 
   Missing (%) 129 (8.9) 3 (2.2) 126 (9.6) 
BSI Depression     
   Not depressed 1308 (90.3) 131(96.3) 1177 (89.7) 
   Depressed 12 (0.8) 1 (0.7) 11 (0.8) 
   Missing (%) 128 (8.8) 4(2.9) 124 (9.5) 
Tobacco Use    
   Yes 143 (9.9) 16 (11.9) 127 (9.6) 
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Table 1 (Continued)    
 Total  
(N = 1448) 
Movers  
(n = 135) 
Non-Movers 
(n = 1313) 
   No 1304 (90.1) 119 (88.1) 1185 (90.3) 
   Missing (%) 1 (0.1)  1 (0.1) 
Alcohol use    
   Yes 117 (8.1) 8 (5.9) 109 (8.3) 
   No 1330 (91.9) 127 (94.1) 1203 (91.6) 
   Missing (%) 1 (0.1)  1 (0.1) 
Length of residence (years) 
(median) 
2.0 (4.6) 0.3 (0.8) 3.0 (4.9) 
   Missing (%) 260 (17.4) 27 (20.0) 233 (17.7) 
Neighborhood safety    
   Safe 1081 (89.9) 94 (69.6) 987 (75.2) 
   Unsafe 122 (10.1) 15 (11.1) 107 (8.1) 
   Missing (%) 245 (16.9) 26 (19.3) 219 (16.7) 
Neighborhood good to raise 
children 
   
   Yes 1033 (86.4) 89 (65.9) 944 (71.9) 
   No 163 (13.6) 19 (14.1) 114 (11.0) 
   Missing (%) 252 (17.4) 27 (20.0) 225 (17.1) 
SD = standard deviation 
Length of residence is reported in median and interquartile range (IQR) 
Income: 1 = less than 4,999, 2 = 5,000 to 9,999, 3 = 10,000 to 14,999, 4 = 15,000 to 
19,999, 5 = 20,000 to 24,999, 6 = 25,000 to 34,999, 7 = 35,000 to 44,999, 8 = 45,000 to 
54,999, 9 = 55,000 to 64,999, 10 = 65,000 to 74,999, 11 = 75,000  
 
                                                 
Table 2 shows the results of the bivariate analyses. There was a significant 
association between education and mobility. Those with less than a high school diploma 
(OR = 4.09, 95% CI = 2.14, 7.81), and those with a high school diploma or technical 
education (OR = 3.30, 95% CI = 1.94, 5.61), were more likely to move than those with a 
college degree or higher. Younger participants were more likely to move than older ones 
(OR = 0.94, 95% CI = 0.91, 0.97). Healthcare insurance type was associated with 
mobility, with movers more likely to be on TennCare/Medicare than non-movers (OR = 
2.50, 95% CI = 1.65, 3.78). Whites were less likely to move than African Americans (OR 
= 0.53, 95% CI = 0.34, 0.82). Mothers of higher income were less likely to move while 
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pregnant than those of higher income (OR = 0.89, 95% CI = 0.84, 0.94). Perception of 
neighborhood safety was not associated with mobility nor was the notion of whether the 
neighborhood was good for raising children nor depression (P > .05 for all). Table 3 
shows a comparison of the bivariate associations tested for complete case analysis and 
imputed data.  
Table 2. Factors associated with residential mobility 
 n OR (95% CI) P value 
Age  1448 0.94 (0.91 – 0.97) <.001 
Race 1446   
    White  0.53 (0.34 – 0.82) .004 
    Other  0.72 (0.17 -  3.08) .65 
    African American  Reference  
Marital status 1447  .002 
   Married  0.51 (0.33 – 0.79) .001 
   Cohabiting  1.15 (0.74 – 1.77) .03 
   Others  ref  
Maternal education 1446  < .0001 
    Less than High School  4.09 (2.14 – 7.81)  < .0001 
    High School/Technical School  3.30 (1.94 – 5.61)  < .0001 
    College/Graduate degree  Reference  
Annual income 1319 0.89 (0.84 – 0.94) <.0001 
Household size 1214 0.92 (0.80 – 1.06) .25 
Parity 1448   
    Primiparous  1.09 (0.76 – 1.56) .64 
    Multiparous  Reference   
Employment Status 1202   
    Unemployed  1.34 (0.99 – 1.99) .15 
    Employed  Reference  
Insurance 1448   
    TennCare/Medicare  2.50 (1.65 – 3.78) <.0001 
    Other  Reference   
Social support Availability     1322 0.92 (0.84 – 1.02) .13 
Social support Satisfaction  1319 1.26 (0.91 – 1.76) .17 
BSI Depression  1320   
    Depressed  0.64 (0.08 – 4.92) .67 
    No depression  Reference  
Tobacco Use 1447  .42 
   Non-smoker  0.80 (0.46 – 1.39)  
   Smoker  Reference  
Alcohol use 1447  .34 
   Non-drinker  1.44 (0.69 – 3.02)  
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Table 2 (Continued)    
 n OR (95% CI)  P value 
   Drinker  Reference  
Length of residence (years) 1188 0.90 (0.85 – 0.96) <.0001 
Neighborhood safety    1203   
   Safe  0.68 (0.38 – 1.21) .19 
   Unsafe  Reference   
Neighborhood good to raise children 1196   
   Yes  0.72 (0.42 – 1.21) .21 
   No  Reference   
OR = odds ratio, 95% CI = 95% confidence interval 
BSI Depression is the depression subscale of the Brief Symptom Inventory 
Table 3. Bivariate associations comparing original and imputed data 
 Complete case Imputed 
 OR (95% CI) P value OR (95% CI) P value 
Annual income 0.89 (0.84 – 0.94) <.0001 0.90 (0.85 – 0.95) .0002 
Employment Status     
    Employed 1.34 (0.99 – 1.99) .15 1.29 (0.87 – 1.91) .20 
    Unemployed Reference  Reference  
Social support availability     0.92 (0.84 – 1.02) .13 0.93 (0.84 – 1.03) .16 
Satisfaction with social 
support 
1.26 (0.91 – 1.76) .17 1.24 (0.90 – 1.71) .19 
BSI GSI      
   Depression 0.64 (0.08 – 4.92) .67 0.11 (.001 – 8.72) .32 
   No depression Reference  Reference  
Neighborhood safety     
   Safe 0.68 (0.38 – 1.21) .19 0.70 (0.40 – 1.24) .23 
   Unsafe Reference  Reference  
Neighborhood good to raise 
children 
    
   Yes 0.72 (0.42 – 1.21) .21 0.70 (0.42 – 1.19) .19 
   No Reference  Reference  
Household size 0.92 (0.80 – 1.06) .25 0.94 (0.82 – 1.07) .37 
Length of residence 0.90 (0.85 – 0.96) <.0001 0.94 (0.89 – 0.98) .005 
 
In multivariable analysis, educational attainment, and length of residence were 




Table 4. Multivariable correlates of residential mobility 
 OR (95% CI) P value 
Educational attainment   .0001 
    Less than High School 3.29 (1.45 – 7.49)  
    High School/Technical School 3.47 (1.95 – 6.19)  
    College/Graduate degree Reference  
Length of residence (years) 0.90 (0.85 – 0.96)  .001 
N = 1186 
Discussion 
 Approximately nine percent of participants moved while pregnant. Considering 
the previously reported rates of mobility of between nine and 32% percent.89,99  This 
finding may represent an underestimation of mobility in this population since mobility 
was assessed from the second trimester rather than from the beginning of pregnancy. This 
agrees with the percentage (8.9%) reported by Hodgson et al.,88 who also assessed 
residential history from the first prenatal visit as opposed to using conception as the 
baseline.88 In fact, mobility occurs during the entire duration of the pregnancy and not 
only in the second and third trimesters.91,99 In this population, after adjusting for other 
variables the factors associated with mobility are lower educational attainment,  and 
shorter length of residence.  
  The percent of movers that moved only once (2.2%) is similar to findings from 
the literature in the sense that the majority of movers only moved once. Chen and 
colleagues reported that four percent of the participants in their study moved twice while 
the rest moved once.100 Similarly, in a more recent study of women who had recently 
given birth in Rhode Island, 3% of mothers moved more than once during pregnancy 
compared to 20% who moved once.42 
  Low educational attainment was associated with a higher likelihood of mobility. 
Low educational attainment has been associated with higher rates of mobility in several 
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studies.93,100,101 Findings from a study of 585 primiparous women in a randomized 
controlled trial in Australia suggest that women with lower educational attainment were 
less likely to move during pregnancy and up to 12 months postpartum.101 Additionally, in 
a case-control study of 327 women where data were collected between 1981 and 1983, 
women with lower educational attainment were more likely to move during pregnancy 
than those with higher education.93 This finding is however, in contrast to a study by 
Miller and colleagues’ study of 991 women drawn from the Atlanta Birth Defects Risk 
Factor Surveillance Study (BDRFS) conducted between 1993 and 1997 which found age, 
smoking and unplanned pregnancy to be associated with residential moves but not 
maternal education. That educational attainment is associated with mobility could be a 
result of having less stable employment102 in which case participants could have changed 
residence due to a change in employment or job loss.26  
 Although in multivariable analysis income status was not associated with 
mobility, income was positively associated with educational attainment. Additionally, 
those with lower educational attainment had lower mean income than those with higher 
educational attainment. In a study of low income mothers using data from the Women’s 
Employment Study rates of housing instability were high among low income former 
welfare recipients who had dropped out of high school.13 Therefore, in the present study, 
the association of educational attainment with mobility could be based on the association 
of educational attainment with income. 
 The results suggest that shorter length of residence is associated with mobility. 
Additionally, a shorter length of residence may be associated with housing difficulties or 
situations that require a temporary move such as separation, living with friends and 
28 
 
family in doubled up housing, or a change in employment status.21,103,104 It is not 
uncommon for single mothers to live with others.105 For example, this could be for 
assistance with child care. Individuals with long residences are likely to do so because 
they are satisfied with their neighborhood, 38 the opposite may hold true for short 
residencies, making moving more likely. Residential stability has been associated with 
social support and attachment to the community, therefore it is conceivable that women 
who have lived at one address for a long time are less likely to move.106 Our study agrees 
with another study from the Chicago Community Adult Health Study, with over 3,000 
adults, which also show that length of residence was associated with larger social 
networks and better access to social support.107 
 Also of significance is what this study did not find. The perception of 
neighborhood safety and perception of how good the neighborhood is for raising children 
were not associated with mobility. Previous research shows that crime may increase 
mobility out of a neighborhood,10 indicating that concerns about neighborhood safety can 
be a reason for moving. However, a study of very low income families on public 
assistance (Section 8) showed that families may remain in or move to unsafe 
neighborhoods because of a lack of resources to move or difficulty in finding suitable 
housing that accepts these vouchers.108 A qualitative study of low income African 
American women in Baltimore suggests that there is also the perception that good 
parenting and keeping children indoors protect children from negative effects of bad 
neighborhoods and therefore people living in unsafe neighborhoods may continue to 
stay.109 Thus, it is possible that perception of neighborhood quality was not associated 
with mobility in this sample because those that perceived their neighborhoods to be of 
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poor quality continued to stay for reasons which could include a lack of resources to 
move, but that cannot be ascertained, since this study does not have data on reasons for 
moving. 
 These results should be interpreted while acknowledging the following 
limitations. First, the observed results may be due to inadequate statistical power to detect 
additional significant associations, because only a small percentage of participants 
moved. Additionally, the change in address, as well as other important variables were 
self-reported. The baseline is the time of enrollment which is between 16 and 28 weeks 
gestation and may not be a true reflection of residential history for the duration of the 
entire pregnancy.88  Due to the cross-sectional design of the study temporality cannot be 
established. The data for the present study did not have any information on the reasons 
for moving or the addresses where participants moved to and moved from so we were 
unable to ascertain whether the moves were for positive or negative reasons. 
 Strengths of the study include the inclusion of participants with a wide range of 
income levels, although the sample was predominantly low-income. Additionally, this 
study examined a wide range of factors that could be associated with residential mobility 
among pregnant women, including participants’ perception of neighborhood quality. 
 In conclusion, different factors affect whether or not pregnant women move. For 
this sample, residential mobility is affected by educational attainment, and length of 
residence. However, residential mobility is not as common in this population as 
compared to previous studies. Future research should consider examining whether the 
correlates of multiple moves are the same as those of a one-time move. Additionally, 
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future research will benefit from including the reasons for moving as this will provide 

























Effect of Residential Mobility during Pregnancy on Birth Outcomes 
ABSTRACT 
OBJECTIVE: The stress associated with moving during pregnancy may increase the 
risk of adverse birth outcomes. The purpose of this study is to determine whether 
residential mobility during pregnancy is associated with preterm delivery and low birth 
weight in a cohort of pregnant women from the Memphis metropolitan area. 
METHOD: Data for this study were obtained from the Conditions Affecting 
Neurocognitive Development and Learning in Children (CANDLE) study. Of the 1,503 
participants enrolled in CANDLE, 1,385 (92%) with complete were included in this 
study. Multivariable logistic regression was used to estimate the odds of preterm delivery 
(defined as gestational age of < 37 weeks at delivery), and low birth weight (defined as 
birth weight of <2,500 g at full-term delivery), among women who moved during 
pregnancy, relative to those who did not.  
RESULTS: Residential mobility during pregnancy was not associated with either birth 
outcome after controlling for type of insurance, income, race, maternal age and 
preeclampsia.  
CONCLUSIONS: Residential mobility during pregnancy is not associated with risk of 









Preterm delivery and low birth weight are major contributors of infant mortality. 
Most preterm births occur during the late preterm period (34-36 weeks gestation) and 
although these infants have fewer health risks than those born earlier (<28 – 33 weeks 
gestation) they have much greater risk of morbidity and mortality than those born full 
term.110,111 There is about four times the risk of having at least one medical condition in 
late preterm babies than in term babies.112 Low birth weight infants (less than 2,500 g) 
also have much higher risk of morbidity and mortality than normal weight babies.54  
 Factors such as maternal age,113-115 socioeconomic status,56,116 race,117-119 intimate 
partner violence120-123 and stress124,125 have been associated with preterm delivery and 
low birth weight. Some evidence indicates that residential mobility during pregnancy 
could be a cause of adverse birth outcomes especially for low-income women.58 Many of 
the studies that reported an effect of residential mobility on birth outcomes examined 
residential mobility during childhood, during a period before pregnancy, or lifetime 
mobility (which included moves since childhood).61 Additionally, many of these studies 
focused on international migration, which is different from residential mobility in the 
sense that international migration is moving from one country to another and may have 
different health effects and may occur for different reasons.64,126,127 Although pregnant 
women can be considered a highly mobile group,128 studies focusing on moves that 
occurred during pregnancy, and their effects on birth outcomes are scarce.  
Additionally, many studies that examined housing or neighborhood contexts as a 
cause of poor birth outcomes have examined the effect of the neighborhoods on birth 
outcomes, but not housing transitions or residential mobility.129-131 There are also several 
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studies on the impact of homelessness on birth outcomes.132-134 Cutts and colleagues 
reported an association of low birth weight with prenatal homelessness as compared to 
women who were housed.134 In the general population, frequent residential mobility is an 
indication of housing instability and is typically a precursor of homelessness135 but only a 
few studies have focused on residential mobility as a risk factor for adverse birth 
outcomes on its own. 
The purpose of this study is to determine if residential mobility during pregnancy 
is associated with adverse birth outcomes, defined as low birth weight at term or 
premature birth.  
Conceptual Framework 
Mobility may have a negative effect on birth outcomes by increasing stress that 
could, in turn, result in adverse birth outcomes. That is, stress may mediate the 
association of residential mobility with preterm delivery and low birth weight. On the 
other hand, social support may act as a buffer of stress and may reduce the risk of adverse 
birth outcomes among pregnant movers. Other SES and behavioral factors may also 






Figure 2. Conceptual framework of residential mobility and adverse birth outcomes  
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Study Design and Population 
The methods for this study are similar to those mentioned in study one. This study 
also uses data from the CANDLE study.  
As shown in Figure 3, 1,503 participants enrolled. Participants were excluded 
from this analysis if they had missing address data, or missing data on delivery 
classification or gestational age. Other ethnicities were excluded from the analysis due to 
their small sample size, leaving 1,385 participants available for this analysis. Data were 
collected at multiple time points: two prenatal clinic visits and one hospital visit after the 
delivery of the child.  Participants were offered gift cards of between $30 and $50 as 
incentives for participation at each visit. 
Measures 
Exposure  
 The primary exposure, mobility, was defined as at least one move during 
pregnancy. Mobility was determined by the number of changes in the participant’s 
address from the time of enrollment (16 to 28 weeks pregnant) to delivery. Participants 
with more than one address between these two time points were considered “movers”.  
Outcomes 
Birth outcomes were abstracted from medical records. Birth weight was reported 
in kilograms and analyzed as a continuous variable136 and as a dichotomous variable: low 
birth weight (<2,500 g), and normal birth weight (≥ 2,500 g).131,134 Birth weight was 
defined as the weight in grams at full term. Preterm birth was defined as births at less 






Figure 3. CANDLE recruitment flow chart for birth outcomes 
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Covariates considered in the analysis include maternal age, maternal education, 
employment status, marital status, type of insurance coverage, parity, intimate partner 
violence, weight gain during pregnancy, smoking status during pregnancy, alcohol use 
during pregnancy, preeclampsia, gestational diabetes, social support, and maternal stress.  
Maternal demographic information was collected at the first maternal visit 
(baseline).  Race was self-reported and grouped into African American and White.  
Social support was measured with the Social Support Questionnaire – Short Form 
(SSQ6).97 This is a 6-item measure used to quantify perceived availability of and 
satisfaction with social support.97 The satisfaction score uses a six-point Likert-like scale 
ranging from very satisfied to very dissatisfied. The availability score asks the number of 
persons a respondent can turn to when they are in need under various circumstances.98 
Both measures of social support were analyzed as continuous variables.  
 Parity was self-reported and analyzed as a continuous variable. Maternal pre-
pregnancy weight was self-reported and gestational weight gain was abstracted from 
medical records. These were recorded in kilograms.  
Stress was measured by the Global Severity Index (GSI) of the Brief Symptom 
Inventory (BSI).96 The BSI is a well-validated 53 item tool with nine subscales and three 
global indices of distress. The GSI is a summary of all 53 items and is used as an 
indicator of psychological distress. A t-score of 63 or higher on the GSI is indicative of 
distress, therefore, stress was dichotomized based on this cut off score. 
Intimate partner violence was measured by the physical assault measure of the 
short form of the (revised) Conflict Tactics Scale (CTS2).137 The CTS2 is well-validated 
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and is the most common tool used to assess family violence.138 The CTS2 has five 
subscales, namely physical assault, psychological aggression, negotiation, injury and 
sexual coercion. The CTS2 measures physical and psychological attacks between 
partners, married couples and those cohabitating and the physical aggression scale 
measures intimate partner violence during the past year.138 Mothers’ history of gestational 
diabetes and preeclampsia were assessed by asking after delivery if they had been 
diagnosed with gestational diabetes or preeclampsia since their last visit (Yes/No). 
Gestational diabetes is glucose intolerance that is first diagnosed during pregnancy and is 
associated with complications including preterm delivery.139 Gestational 
hypertension/preeclampsia is pregnancy induced hypertension and can lead to low birth 
weight and preterm births among other complications.140 
Missing data 
Gestational weight gain, social support availability and satisfaction, income, 
employment status, intimate partner violence, and maternal stress each had more than 
seven percent missing data. Missing data analysis was performed using Little’s MCAR 
test which is used to determine if data are missing completely at random.141 The test was 
significant (χ2 = 741.9, p < .0001), indicating that the data were not missing at random. 
For birth weight, there were missing data for employment status (14.5%), available social 
support (4.9%), satisfaction with social support (5.1%), household income (8.5%), 
maternal stress (4.9%), total gestational weight gain (6.7%) and intimate partner violence 
(5.3%).  
Sensitivity analysis was performed using multiple imputation (fully conditional 
specification) to evaluate whether the results of the analysis of mobility in relation to low 
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birth weight or premature birth differed meaningfully between the model using listwise 
deletion and the model using full case analysis with imputed values. 
Statistical Analysis 
The population attributes were described using frequencies and percentages for 
categorical variables and means and standard deviations for continuous variables. 
Population attributes were also calculated for each category of preterm delivery and birth 
weight.  
Preterm delivery 
The crude associations of residential mobility, as well as other potential 
predictors, with preterm delivery were tested using logistic regression.  
Multivariable analysis for preterm delivery was performed using logistic 
regression also. Variables that were associated with both the exposure and the outcome in 
the bivariate analyses were considered potential confounders if they were not in the 
causal pathway (mediators) according to the conceptual framework (Figure 2). The core 
model included the primary predictor, mobility, with possible confounders added one at a 
time to the model. Variables that changed the odds ratio of the primary exposure by 10% 
or more were kept in the final model. Variables retained in the model were enrollment in 
TennCare/Medicare, household income, race, and marital status. Statistical significance 
was set at p < 0.05.  
Birth weight 
For birth weight analysis, since the goal was to assess the effect of mobility on 
term birth weight, only those born full term were considered. As such those born preterm 
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were excluded from the present analysis (n = 130), leaving a sample of 1,255 for birth 
weight analysis.  
The crude associations of residential mobility, as well as other potential 
predictors, with birth weight as a binary variable were tested using logistic regression. 
Linear regression was used in bivariate analysis of birth weight as a continuous variable. 
Multiple linear regression was used in the analysis of birth weight as a continuous 
variable. Similar to the analysis of preterm delivery, the main predictor in the core model 
was residential mobility. Variables that had a statistically significant association with 
both the exposure and the outcome were considered confounders and were added to the 
model one at a time. A variable was kept in the model if the regression coefficient of the 
primary exposure changed by 10% or more after its inclusion. The models’ fit was tested 
with the Hosmer-Lemeshow goodness of fit test (for binary birth weight) and the R-
squared statistic (for continuous birth weight). Based on the variance inflation factor (VIF 
< 3) in the final adjusted model, there was no multicollinearity apparent. 




Characteristics of the Sample 
Socio-demographic Characteristics 
The sample was predominantly African American (67.2%), mean age was 26.0 
(SD = 5.4). A little over nine percent had a preterm delivery, 59.7% were enrolled in 
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TennCare/Medicare, 37.4% were married, 50.6% were employed and 9.5% moved. The 
mean number of children was 1.1 (SD = 1.3).    
Psychosocial Characteristics 
The mean GSI t score was 50.5, and approximately 10% of the participants had a 
score in the clinically significant range (≥ 63) indicating distress. Eleven percent had 
experienced intimate partner violence. The mean number of social support persons was 
3.6 (SD = 1.9) and the mean satisfaction with available social support score was 5.7 (SD 
= 0.7).  
Health-related Characteristics 
Nine percent reported using tobacco and eight percent reported drinking alcohol 
while pregnant. Ten percent had preeclampsia, and the average weight gained was 14.6 
kg (SD 7.4). Eight percent reported a history of preterm delivery. Table 5 shows the 
overall sample characteristics and by delivery status. 
 
Table 5. Characteristics of the sample by preterm delivery status 
 Total   
(N = 1385)       
Preterm  
(n = 130) 
Term  
(n = 1255) 
 N (%) or SD  N (%) or SD N (%) or SD 
Age (mean) 26.0 (5.4) 26.1 (5.5) 26.0 (5.4) 
Race    
    African American 931 (67.2) 99 (76.2) 832 (66.3) 
    White 454 (32.8) 31 (23.9) 423 (33.7) 
Parity (median) 1.0 (2.0) 1.0 (2.0)        1.0 (2.0)  
Employment Status    
    Unemployed 579 (49.4) 45 (34.6) 534 (42.5) 
    Employed 594 (50.6) 55 (42.3) 539 (43.0) 
    Missing 212 (15.3) 30 (23.1) 182 (14.5) 
Maternal education    
    Less than High School 171 (12.3) 16 (12.3) 155 (12.3) 
    High School/Technical School 782 (56.5) 83 (63.8) 699 (55.7) 
    College/Graduate degree 431 (31.1) 30 (23.1) 401 (32.0) 
    Missing 1 (0.1) 1 (0.8)  
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Table 5 (Continued)    
 Total   
(N = 1385)       
Preterm  
(n = 130) 
Term  
(n = 1255) 
 N (%) or SD  N (%) or SD N (%) or SD 
Marital Status    
    Married 518 (37.4) 37 (28.5) 481 (38.3) 
    Cohabiting 264 (19.1) 34 (26.2) 230 (18.3) 
    Others 603 (43.5) 59 (45.3) 544 (43.4) 
Annual income (mean) 6.1 (3.4) 5.2 (3.5) 6.2 (3.4) 
   Missing 119 (8.6) 12 (9.2) 107 (8.5) 
Insurance    
    TennCare/Medicare 827 (59.7) 91 (70.0) 736 (58.7) 
    Other 558 (40.3) 39 (30.0) 519 (41.3) 
Social support availability (mean)   3.6 (1.9) 5.6 (0.8) 5.7 (0.7) 
Missing 99 (7.1) 38 (29.2) 61 (4.9) 
Social support satisfaction (mean)  5.7 (0.7) 3.6 (1.8) 3.6(1.9) 
Missing 102 (7.4) 38 (29.2) 64 (5.1) 
BSI GSI    
   Stress 127 (9.9) 12 (9.2) 115 (9.0) 
   Not stressed 1160 (90.1) 81 (62.3) 1079 (86.0) 
   Missing 98 (7.1) 37 (28.5) 61 (4.9) 
Intimate partner violence    
   Yes 141 (11.0) 13 (10.0) 128 (10.2) 
   No 1140 (89.0) 79 (60.8) 1061 (84.5) 
   Missing 104 (7.5) 38 (29.2) 66 (5.3) 
Tobacco Use    
   Yes 128 (9.3) 11 (8.5) 117 (9.3) 
   No 1256 (90.7) 119 (91.5) 1137 (90.6) 
Missing 1 (0.1)  1 (0.1) 
Alcohol use    
   Yes 113 (8.2) 6 (4.6) 107 (8.5) 
   No 1271 (91.8) 124 (95.4) 1147 (91.4) 
Missing 1 (0.1)  1 (0.1) 
Preeclampsia/Gestational HTN    
  Yes 136 (9.9) 37 (28.4) 99 (7.9) 
   No 1242 (90.1) 89 (68.5) 1153 (91.9) 
   Missing 7 (0.5) 4 (3.1) 3 (0.2) 
Gestational diabetes    
   Yes 73 (94.7) 8 (6.2) 65 (5.2) 
   No 1308 (5.3) 120 (92.3) 1188 (94.6) 
   Missing 4 (0.3) 2 (1.5) 2 (0.2) 
History of preterm delivery    
  Yes  115 (8.3) 26 (20.0) 89 (7.0) 
   No 1270 (91.7) 104 (80.0) 1166 (92.9) 
Total pregnancy weight gain (kg) 14.6 (7.4)  13.2 (7.1) 14.8 (7.4) 
Missing  103 (7.4) 84 (6.7) 19 (14.6) 
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Pre-pregnancy weight (kg) 74.5 (21.2) 73.3 (21.4) 74.6 (21.2) 
Missing 4 (0.3)  4 (0.3) 
Residential move    
   Yes 132 (9.5) 119 (91.5) 1134 (90.4) 
    No 1253 (90.5) 11 (8.5) 119 (9.6) 
Preterm delivery <37 weeks 
Income: 1 = less than $4999 2= 5,000 to 9999 3 = 10,000 to 14,999, 4 = 15,000 to 19999, 
5 = 20,000 to 24999, 6 = 25,000 to 34999, 7 = 35,000 to 44999, 8 = 45,000 to 54999, 9 = 
55,000 to 64999, 10 = 65000 to 74999, 11=75000  
 
In bivariate analysis, African American mothers had higher odds than White mothers of 
delivering preterm (OR = 1.62, 95% CI = 1.07, 2.47), and those enrolled in 
TennCare/Medicare (OR = 1.65, 95% CI = 1.11, 2.43) had higher odds of preterm 
delivery than those not in TennCare. Participants with a preterm delivery gained less 
weight during pregnancy (OR = 0.97, 95% CI = 0.94, 0.99), had lower pre-pregnancy 
weight (OR = 0.13, 95% CI = 0.07, 0.25), had a history of delivering preterm (OR = 3.26, 
95% CI = 2.03, 5.30) and preeclampsia (OR = 4.84, 95% CI = 3.13, 7.48) than did 
mothers who delivered full term. Married women had lower odds of delivering preterm 
(OR = 0.64, 95% CI = 0.43, 0.95) than non-married women. Table 6 shows the 
unadjusted associations of variables with preterm delivery. Results from the sensitivity 
analysis using imputed data were the same as the complete case analysis (Table 7). 
Table 6. Bivariate analysis for preterm delivery 
 n OR (95% CI) P value 
Age  1385 1.00 (0.97 – 1.04) .84 
Race 1385   
    African American  1.62 (1.07 – 2.47) .02 
    White  ref  
Marital Status 1385  .03 
    Married  0.71 (0.46 –1.09)  
    Cohabiting  1.36 (0.87 – 2.14)  
    Others  ref  
Maternal education 1384  .11 
    Less than High School  1.38 (0.73 – 2.60)  
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Table 6 (Continued)    
     n OR (95% CI)  P value 
    High School/Technical School  1.59 (1.03 – 2.45)  
    College/Graduate degree  ref  
Annual income 1266 0.92 (0.86 – 0.97) .002 
Parity 1385 1.22 (1.07 – 1.38) .002 
Employment Status 1173   
    Employed  1.21 (0.80 – 1.83) .36 
    Unemployed  ref  
Insurance 1385   
    TennCare/Medicare  1.65 (1.11 – 2.43) .01 
    Other  ref  
Social support availability     1286 0.99 (0.88 – 1.11) .85 
Satisfaction with social support 1283 0.86 (0.66 – 1.23) .27 
BSI GSI  1287   
   Distress  1.39 (0.74 – 2.63) .31 
   No distress  ref  
Intimate partner violence 1281   
   Yes  1.37 (0.74 – 2.52) .32 
   No  ref  
Tobacco Use 1384   
   Smoker  0.90 (0.47 – 1.71) .75 
   Non-smoker  ref  
Alcohol use 1384   
   Drinker  0.52 (0.22 – 1.21) .13 
   Non-drinker  ref  
Preeclampsia/Gestational HTN  1378   
  Yes  4.84 (3.13 – 7.48) <.0001 
   No  ref  
Gestational diabetes  1381   
  Yes   1.22 (0.57 – 2.60) .61 
  No  ref  
History of preterm delivery  1385   
  Yes  3.26 (2.03 – 5.30) <.0001 
  No  ref  
Pre-pregnancy weight 1381 1.00 (0.99 – 1.01) .49 
Total pregnancy weight gain 1282 0.97 (0.95 – 0.99) .03 
Residential move 1385   
   Yes  0.87 (0.45 – 1.65) .66 
    No  ref  
Preterm delivery <37 weeks 





After adjusting for enrollment in TennCare/Medicare results from multivariable 
analysis showed that mobility was not associated with preterm deliveries. Table 8 shows 
the adjusted analysis of preterm delivery. 
Table 8. Multivariable analysis for preterm delivery 
 OR (95% CI) P value 
Residential move   
   Movers 0.78 (0.41 – 1.50) .46 
   Non-movers ref  
Insurance   
   TennCare/Medicare 1.67 (1.13 – 2.48) .01 
   Other ref  
Hosmer-Lemeshow GOF test: χ2 = 0.15, df = 2, P = .93 
N = 1385 
Table 7. Comparison of complete case analysis and imputation 
 Complete case analysis Imputed 
 OR (95% CI) P value OR (95% CI) P value 
Annual income 0.92 (0.86 – 0.97) .002 0.92 (0.87 – 0.97) .004 
Employment Status     
    Employed 1.21 (0.80 – 1.83) .36 1.23 (0.83 – 1.81) .29 
    Unemployed ref  ref  
Social support availability     0.99 (0.88 – 1.11) .85 0.97 (0.85 – 1.11) .66 
Satisfaction with social 
support 
0.86 (0.66 – 1.23) .27 0.85 (0.61 – 1.17) .30 
BSI GSI      
   Distress 1.39 (0.74 – 2.63) .31 1.19 (0.67 – 2.10) .55 
   No distress ref  ref  
Intimate partner violence     
   Yes 1.37 (0.74 – 2.52) .32 1.30 (0.75 – 2.26) .35 
   No ref  ref  
Preeclampsia/Gestational 
HTN  
    
  Yes 4.84 (3.13 – 7.48) <.0001 4.86 (3.13 – 7.53) <.0001 
   No ref  ref  
Gestational diabetes      
  Yes  1.22 (0.57 – 2.60) .61 1.20 (0.56 – 2.56) .64 
  No ref  ref  
Pre-pregnancy weight 1.00 (0.99 – 1.01) .49 1.00 (0.99 – 1.01) .49 




 When analyzing birth weight as a continuous variable, there was evidence of an 
association of birth weight with mobility in bivariate analysis (β = -.055, P = .05) (Table 
9). Movers had on average 55 g lower birth weight than non-movers. 
Table 9. Bivariate analysis of birth weight 
 n B β SE P value 
Age  1255 .019 .227 .002 <.0001 
Race 1255 .253 .261 .026 <.0001 
Marital Status 1255 .079 .128 .017 <.0001 
Maternal education 1255 .135 .188 .020 <.0001 
Annual income 1148 .034 .252 .004 <.0001 
Parity 1255 .010 .025 .011 .37 
Employment Status 1073 .057 .062 .028 .04 
TennCare/Medicare 1255 -.212 -.228 .026 <.0001 
Social support availability 
(mean)   
1194 .025 .103 .007 <.0001 
Social support satisfaction 
(mean)  
1191 .014 .020 .020 .48 
BSI GSI 1194 -.031 -.020 .045 .48 
Intimate partner violence 1189 -.072 -.049 .043 .09 
Tobacco use 1254 -.057 -.036 .045 .20 
Alcohol use 1254 .107 .065 .046 .02 
Preeclampsia/Gestational HTN  1252 -.185 -.109 .048 <.0001 
Gestational diabetes 1253 .142 .069 .058 .02 
History of preterm delivery  1255 -.084 -.047 .050 .10 
Pre-pregnancy weight (kg) 1251 .003 .160 .001 <.0001 
Total pregnancy weight gain (kg) 1171 .009 .153 .002 <.0001 
Residential move 1255 -.085 -.055 .044 .05 
Birth weight was analyzed as a continuous variable  
B is unstandardized regression coefficient; β is the standardized regression coefficient 
BSI GSI is the Global Severity Index of the Brief Symptom Inventory 
 
In the adjusted analysis, residential mobility was not statistically associated with 





Table 10. Multivariable analysis of birth weight 
 B β SE P value 
Residential move -.046 -.029 .045 .30 
Income .015 .113 .005 .002 
Race .15 .156 .032 <.0001 
Maternal age .009 .109 .003 .001 
Preeclampsia -.197 -.116 .048 <.0001 
Birth weight was analyzed as a continuous variable  
B is unstandardized regression coefficient; β is the standardized regression coefficient 
Overall regression equation: F(5, 1139) = 27.2, p < .0001, R2 = .107 
N = 1145 
 
Results from the sensitivity analysis were similar to the complete case analysis in 
that there was no significant association between mobility and birth weight (Tables 11 
and 12). 
Table 11. Comparison of complete case analysis and imputed data in bivariate 
analysis of birth weight 
 Imputed  Complete case analysis 
 B β P value B β P value 
Annual income .034 .252 <.0001 .035 .260 <.0001 
Employment Status .057 .062 .04 .062 .068 .02 
Social support availability 
(mean)   
.025 .103 <.0001 .024 .098 .0004 
Social support satisfaction 
(mean)  
.014 .020 .48 .026 .038 .18 
BSI GSI -.031 -.020 .48 -.017 -.011 .67 
Intimate partner violence -.072 -.049 .09 -.056 -.038 .18 
Preeclampsia/Gestational 
HTN  
   -.185 -.109 .0001 
Pre-pregnancy weight (kg)    .003 .139 <.0001 
Total pregnancy weight gain 
(kg) 
.009 .153 <.0001 .009 .144 <.0001 
Birth weight was analyzed as a continuous variable  
B is unstandardized regression coefficient; β is the standardized regression coefficient 







Table 12. Comparison of complete case analysis and imputed data in multivariable 
analysis of birth weight 
 Complete case analysis Imputed 
 B β P value B β P value 
Residential move -.046 -.029 .30 -.019 -.012 .66 
Race .150 .156 <.0001 .130 .134 <.0001 
Marital status    .058 .061 .12 
Income .015 .113 .002 .015 .112 .002 
Maternal age .009 .109 .001 .008 .095 .002 
Preeclampsia -.197 -.116 <.0001    
 
Similar to results from the analysis of continuous birth weight, mobility had no 
association with dichotomized low birth weight in multivariate analysis (Table 13).  
Table 13. Multivariable analysis of low birth weight 
 OR (95% CI) P value 
Residential move   
   Movers 0.68 (0.15 – 2.97) .60 
   Non-movers ref  
Race   
   African American 3.90 (1.04 – 14.6) .04 
   White ref  
Income 0.94 (0.82 – 1.07) .35 
Preeclampsia   
   Yes  7.55 (3.40 – 16.73) <.0001 
   No ref  
Hosmer-Lemeshow GOF test: χ2  = 6.25, df = 8, p =.62 
Low birth weight: <2500 grams 
N = 1145 
Discussion 
The purpose of this study was to assess the effect of residential mobility during 
pregnancy on preterm delivery and low birth weight among term births. Although there 
are some studies on the effect of lifetime moves and homelessness, there is a dearth of 
studies on residential mobility during pregnancy as a possible risk factor for adverse birth 
outcomes. This study sought to address this gap using a sample of pregnant women in 
Shelby County, TN. Contrary to our hypothesis, we did not find evidence among women 
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with low-risk pregnancies that moving during pregnancy was associated with preterm 
delivery or low birth weight. 
Our finding of no association between mobility with preterm delivery or birth 
weight, however, is consistent with the results of a large cross-sectional study of over 
18,000 mothers in the UK. The authors found that after adjusting for sociodemographic 
confounders there was no effect of mobility during pregnancy on birth weight and 
preterm delivery.33  In contrast, one study of over 9,000 families in the UK using data 
from the Millennium Cohort Study between 2001 and 2005 reported that movers to more 
deprived neighborhoods had higher odds of having a low birth weight baby compared to 
non-movers, or those who moved to a less deprived neighborhood.142 Similarly, in a 
study of young mothers (14 to 21 years old) in New York City, those who moved twice 
during the past year had lower birth weight infants than those who did not move.58 
Participants were 623 young women in the control group of a randomized controlled trial 
testing group prenatal care (intervention) versus standard prenatal care (control). 
However, residential moves occurred during the study year, not only during pregnancy.  
The rate of low birth weight in this sample was much lower (2.7%) than the rates 
reported in Shelby County, TN where this study was conducted, which was around 11% 
between 2010 and 2014.118,143-146 The discrepancy between this study and reported rates 
could be because the denominator for the reported data is all live births, while the 
denominator for birth weight in this study is only full term births. However, excluding 
preterm deliveries alone may not account for this discrepancy in the prevalence of low 
birth weight in the present study and previously reported prevalence in Shelby County. 
Preterm births in this sample were also lower (9.4%) than typical Shelby County rates, 
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which have consistently been 11 and 13 percent between 2002 and 2011 and had a rate of 
12.5% in 2014.119,147 These observed differences may be due to selection bias, since 
participants were recruited by convenience sampling and those who chose to participate 
in the study may have been at reduced risk of the outcomes of interest. In addition, 
participants who had high risk pregnancies were excluded from the study based on the 
exclusion criteria. There was also a low response rate and those who declined 
participation may have been more likely to move or to have adverse birth outcomes. 
Hence, the results could be an underestimate of the effect of mobility during pregnancy 
on birth outcomes.  Additionally, the rate of mobility in this sample is also not as high as 
has been reported in a few other studies.100 Although one other study reported a mobility 
rate of approximately nine percent which is similar to the rate in this study.33 
There was an association between insurance status and birth outcomes. Mothers 
enrolled in TennCare/Medicare had elevated risk for preterm delivery relative to mothers 
with other types of insurance. Some studies reported that women enrolled in Medicaid are 
at increased risk for adverse birth outcomes compared to privately insured. While others 
did not find a difference in birth outcomes between those on Medicaid and those on 
private insurance.148 Our findings agree with a large study of Arkansas Medicaid, from 
2001 to 2005, which found enrollment in Medicaid was associated with higher rates of 
preterm delivery than the general population.149 Another study found that women on 
public insurance had higher rates of medically indicated preterm delivery than those who 
were privately insured.150   
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In our study, income was positively associated with birth weight. This is 
supported by many studies that showed that people of low socioeconomic status having 
worse birth outcomes than those of higher socioeconomic status.56,151 
African Americans had lower birth weight on average than did Whites. This is a 
well-established fact and several studies report similar findings.53,117,152 A recent study of 
births recorded over a ten year period in New York reported that Blacks had a 30% 
higher risk of delivering low birth weight infants than Whites.152 Results from national 
data consistently show similar results.117 
Higher maternal age in our study was associated with higher birth weight. This is 
contrary to findings of studies that show that advanced maternal age is associated with 
lower birth weight. A recent study reported higher risk of low birth weight among women 
aged 35 and older.153 It has been suggested that although maternal age affects 
birthweight, the relationship varies by race.154-156 African Americans tend to have babies 
with lower birth weight as they age, while the rates of low birth weight decrease as 
whites age.154-156 In this sample, whites had a higher mean age than African Americans 
(28.6 vs. 24.7), and this may be a reason why there was a positive association of maternal 
age with birthweight or it could be a chance finding.   
One limitation of the study is the low frequency of the outcomes. As previously 
stated, the study participants were mostly healthy and not at high risk for adverse birth 
outcomes. Additionally, it is possible that there is misclassification of the mobility 
because some participants may have moved before enrollment in the study and hence will 
be classified as non-movers because address data was not collected retrospectively to 
cover the beginning of pregnancy.  
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Additionally, some data were self-reported and could result in information bias. 
There is also the fact that this study did a secondary data analysis on data that were not 
collected specifically for this study. There may be issues such as residual confounding 
that may have affected the results of the study.  
Despite the study limitations, a major strength of this study is its longitudinal 
design, since residential history was reported during pregnancy. Also, the study adds to 
the literature because similar studies on pregnant women are scarce.  
In conclusion, results from this study do not support the hypotheses that pregnant 
movers in Shelby County, TN with low-risk pregnancies have lower birth weight among 




















Residential Mobility during Pregnancy and Postpartum Depression 
ABSTRACT 
OBJECTIVE: The literature on residential mobility suggests that movers may be at 
increased risk for depression. The purpose of this study is to determine if residential 
mobility during pregnancy is associated with postpartum depression in a large cohort of 
pregnant women in the Memphis metropolitan area. 
METHOD: Data for this study were obtained from the Conditions Affecting 
Neurocognitive Development and Learning in Children study (CANDLE). After the 
exclusion of women missing address and depression data, participants in the present 
study were 1,197 (79.6%) pregnant women. Multivariable logistic regression was used to 
estimate the odds of postpartum depressive symptoms (a score of 10 or more on the 
Edinburgh Postnatal Depression Scale (EPDS)) among women who moved during 
pregnancy, relative to those who did not.  
RESULTS: Residential mobility during pregnancy was associated with postpartum 
depressive symptoms after controlling for maternal history of mental illness (OR = 1.96, 
95% CI 1.00, 3.90). Stress appeared to modify the association of residential mobility with 
postpartum depressive symptoms: in non-stressed mothers, movers had two times the risk 
of postpartum depressive symptoms than non-movers (OR = 1.96, 95% CI 1.00, 3.90), 
while no such association was observed among stressed mothers. 
CONCLUSIONS: Residential mobility during pregnancy is associated with postpartum 





 Postpartum depression is considered a common health problem among 
postpartum women.70 Postpartum depression increases the risk of recurring depression157  
and women who develop postpartum depression are at increased risk of suicide when 
compared to women without postpartum depression.158,159  
History of depression and depression during pregnancy, lack of social support, 
and stress are some of the stronger risk factors that are associated with postpartum 
depression.68,76,160 Residential mobility during pregnancy may be a stressful event for 
pregnant women.43 In fact, in one study, residential mobility was reported as the most 
common stressor during pregnancy  compared to stressors such as family illness, job loss, 
trouble paying bills, separation or divorce.161  
There is some evidence that residential mobility is associated with depression in 
the general population.78,84  Results of a longitudinal study of a nationally representative 
sample of approximately 10,000 participants suggest an association of residential 
mobility with depression. At least one move within five years was associated with an 
increased risk of depression.78 In a cross-sectional study of drug users and their social 
network members, frequent moves within six months was associated with depressive 
symptoms.84 The association of moving with depressive symptoms remained significant 
after controlling for drug use.84 Apart from the direct effects of moving residential 
mobility may also affect individuals indirectly through neighborhood effects. Findings 
from a large cross-sectional study using data from the Canadian Community Health 
Survey with over 50,000 participants suggest that living in neighborhoods with high 
residential mobility is associated with depression.162 
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There are a few studies on the effects of stressful life events on postpartum 
depression, but the time periods evaluated have included time before pregnancy and thus 
were not focused solely during pregnancy.65,163 Moreover, despite the possible risk of 
depression as a result of residential mobility, there is few data on the effects of mobility 
during pregnancy on postpartum depression. 
 The purpose of the study is to determine whether residential mobility during 
pregnancy is associated with postpartum depression. It is expected that mothers who 
moved during their pregnancy will have higher odds of postpartum depression than non-
movers. 
 Figure 4 shows a conceptual framework for the effect of residential mobility on 
postpartum depression. 
   










Figure 4. Conceptual framework for the effect of residential mobility on postpartum 
depression 




















Stress may be an effect modifier or a mediator of the potential association 
between residential mobility during pregnancy and postpartum depression.  
Method 
Study design and Population 
This study analyzed data from the CANDLE study. Data were collected at 
multiple time points: two prenatal clinic visits and one hospital visit after the delivery of 
the child and one home visit one month after delivery.   
For the present study, participants were excluded if they had missing data on 
residential history, or missing data on depression. Other ethnicities were excluded from 
the analysis due to their small sample size leaving 1,197 participants (Figure 5). 
Primary Exposure 
The primary exposure for the analysis is residential mobility, defined as at least 
one change of address while pregnant.  
Primary Outcome 
The primary outcome is postpartum depression, assessed using the Edinburgh 
Postnatal Depression Scale (EPDS) and measured four weeks after delivery.164 The EPDS 
is a commonly used 10-item self-report questionnaire  used to identify postpartum 
depression in mothers.164 Scores range from 0 to 30 where  a score of 10 or more 
indicates possible depression and 13 or more indicates likely depression. Postpartum 
depression was dichotomized into possible /likely depression versus no depression based 
























Figure 5. Flowchart of the CANDLE study for postpartum depressive symptoms  
Covariates  
Covariates include race, maternal age, maternal education, employment status, 
marital status, type of insurance coverage, parity, intimate partner violence, smoking 
Excluded (n=3,725) 
   Not meeting inclusion criteria 
(n=1,908) 
   Declined to participate (n=1,817) 
 




















status during pregnancy, alcohol use during pregnancy, history of psychiatric illness, 
social support, depression during pregnancy, and maternal stress.  
History of psychiatric illness was assessed by asking participants if they had a 
history of serious mental illness. Maternal depression during pregnancy was assessed by 
the mothers’ use of antidepressants.   
Parity was self-reported and analyzed as a continuous variable. Intimate partner 
violence was measured by the Conflict Tactics Scale (CTS2-short form).137 The CTS2-
short is a well-validated and widely used tool to assess family violence.138 It has five 
subscales, namely physical assault, psychological aggression, negotiation, injury and 
sexual coercion. The physical aggression subscale, which measures intimate partner 
violence during the past year, was used in this study for intimate partner violence 
assessment.138  
Statistical Analysis 
The population attributes were described using frequencies and percentages for 
categorical variables and means and standard deviations for continuous variables.  
The crude associations between residential mobility and other covariates and the 
outcome were tested using logistic regression. Variables identified in bivariate analysis 
and in the literature to be associated with postpartum depression and residential mobility 
were considered potential confounders. 
Multivariable analysis was conducted with multivariable logistic regression. Each 
potential confounder was included in the model one at a time beginning with the variable 
with the highest crude odds ratio. If the odds ratio of mobility changed by 10% or more, 
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the variable was kept in the model.  Statistical significance was set at p < 0.05. Statistical 
analysis was conducted using SAS version 9.4 (SAS Institute, Cary, NC). 
Missing data 
About 11% of participants were missing data on history of mental illness, 8% 
were missing data on income, 7% were missing data on total weight gain, 5% percent 
were missing data on each of availability of social support, satisfaction with social 
support, intimate partner violence and stress. Sensitivity analysis was performed using 
multiple imputation (fully conditional specification) to evaluate whether the results of the 
analysis of residential mobility in relation to postpartum depression differed meaningfully 
between the model using list-wise deletion and the model using full case analysis with 
imputed values. Since the results were essentially the same in the bivariate analysis, it 
was concluded that no further analysis was needed. Therefore, results from the complete 
case analysis are reported. 
Results 
Sample Characteristics  
Socio-demographic characteristics 
Participants were predominantly African American (65%). Half (51%) were 
employed, 34% had a college degree or higher, 40% were married, 57% were enrolled in 
TennCare/Medicare, and 9% moved during pregnancy. 
Health-related characteristics 
Approximately 10% experienced distress, 10% had preeclampsia, 2% were taking 
antidepressants/were depressed, 11% experienced intimate partner violence, and 11% had 
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possible postpartum depressive symptoms (EPDS score ≥10). Mean score on the EPDS 
was 4.6 (SD = 4.1). 
Table 14. Characteristics of the sample by depressive symptoms 
 Total         








(n = 1065) 
 N (%) or SD N (%) or SD N (%) or SD 
Age (mean) 26.3 (5.5) 26.0 (5.3) 26.4 (5.5) 
Race    
    African American 781 (65.3) 95 (72.0) 686 (64.4) 
    White 416 (34.8) 37 (28.0) 379 (36.0) 
Parity (median) 1.0 (2.0) 1.0 (2.0) 1.0 (2.0) 
Employment Status    
    Employed 593 (49.5) 61 (46.2) 532 (50.0) 
    Unemployed 579 (48.4) 65 (49.3) 514 (48.2) 
    Missing 25 (2.1) 6 (4.5) 19 (1.8) 
Maternal education    
    Less than High School 135 (11.3) 21 (15.9) 114 (10.7) 
    High School/Technical School 655 (54.7) 74 (56.1) 581 (54.6) 
    College/Graduate degree 406 (33.9) 37 (28.0) 369 (34.6) 
    Missing 1 (0.1)  1 (0.1) 
Marital Status    
    Married 479 (40.0) 44 (33.3) 435 (40.9) 
    Cohabiting 217 (18.1) 27 (20.5) 190 (17.8) 
    Others 501 (41.9) 61 (46.2) 440 (41.3) 
Annual income (mean) 6.3 (3.4) 5.7 (3.4) 6.3 (3.4) 
    Missing 98   
Insurance    
    TennCare/Medicare 685 (57.2) 46 (34.9) 599 (56.2) 
    Other 512 (42.8) 86 (65.1) 466 (43.8) 
Social support availability (mean)   3.6 (1.9) 2.9 (1.7) 3.7 (1.9) 
    Missing 57   
Social support satisfaction (mean)  5.7 (0.7) 5.4 (0.9) 5.7 (0.6) 
    Missing 60   
BSI GSI    
   Stress 111 (9.2) 87 (65.9) 73 (6.8) 
   None 1029 (86.0) 38 (28.8) 942 (88.5) 
   Missing 57 (4.8) 7 (5.3) 50 (4.7) 
Intimate partner violence    
   Yes 126 (10.5) 33 (25.0) 93 (8.7) 
   No 1011 (84.5) 91 (68.9) 920 (86.4) 
   Missing 60 (5.0) 8 (6.1) 52 (4.9) 
Tobacco Use    
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Table 14 (Continued)    
 Total         








(n = 1065) 
 N (%) or SD N (%) or SD N (%) or SD 
   Yes 109 (9.1) 18 (13.6) 91 (8.5) 
   No 1087 (90.8) 114 (86.4) 973 (91.4) 
   Missing 1 (0.1)  1 (0.1) 
Alcohol use    
   No 1095 (91.5) 120 (90.9) 975 (91.5) 
   Missing 1 (0.1)  1 (0.1) 
Antidepressant use    
  Yes  27 (2.3) 4 (3.0) 23 (2.2) 
  No 1151 (96.1) 125 (94.7) 1026 (96.3) 
  Missing 19 (1.6) 3 (2.3) 16 (1.5) 
History of mental illness    
   Yes 26 (2.2) 7 (5.3) 19 (1.8) 
   No 1037 (86.6) 110 (83.3) 927 (87.0) 
   Missing 134 (11.2) 15 (11.4) 119 (11.2) 
Residential move    
   Yes 109 (9.1) 15 (11.4) 94 (8.8) 
   No 1088 (90.9) 117 (88.6) 971 (91.2) 
Depressive symptoms is a score of 10 or more on the EPDS 
BSI GSI is the Global Severity Index of the Brief Symptom Inventory 
Income: 1 = less than $4999, 2 = 5,000 to 9,999 3 = 10,000 to 14,999, 4 = 15,000 to 
19,999, 5 = 20,000 to 24,999, 6 = 25,000 to 34,999, 7 = 35,000 to 44,999, 8 = 45,000 to 
54,999, 9 = 55,000 to 64,999, 10 = 65,000 to 74,999, 11 = 75,000 
 
 In bivariate analysis, residential mobility was not associated with postpartum 
depression (OR = 1.33, 95% CI = 0.74, 2.36). Postpartum depressive symptoms were 
positively associated with intimate partner violence (OR = 3.59, 95% CI = 2.28, 5.64), 
history of mental illness (OR = 3.11, 95% CI = 1.28, 7.55), stress (OR = 5.64, 95% CI = 
3.60, 8.83), and enrollment in  TennCare/Medicare (OR = 1.45, 95% CI = 1.00, 2.12), 
and inversely associated with income (OR = 0.95, 95% CI = 0.89, 0.99), and availability 
and satisfaction with social support (OR = 0.77, 95% CI = 0.68, 0.86 and OR = 0.63, 
95% CI = 0.52, 0.78, respectively). Table 15 shows the crude associations with 
postpartum depressive symptoms.  
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Table 15. Bivariate analysis for postpartum depressive symptoms 
 n OR (95% CI) P value 
Age  1197 0.99 (0.96 – 1.02) .44 
Race 1197   
    African American  1.42 (0.95 – 2.12) .09 
    White  Ref  
Marital Status 1197  .25 
    Married  0.73 (0.48 – 1.10) .10 
    Cohabiting  1.03 (0.63 – 1.66) .43 
    Others  Ref  
Maternal education 1196  .12 
    Less than High School  1.84 (1.03 – 3.27)  
    High School/Technical School  1.27 (0.84 – 1.93)  
    College/Graduate degree  Ref  
Annual income 1099 0.95 (0.89 - 0.99) .04 
Parity 1197 1.02 (0.88 – 1.17) .83 
Employment Status    
    Employed 1172 0.91 (0.63 – 1.31) .60 
    Unemployed  Ref  
Insurance 1197   
    TennCare/Medicare  1.45 (1.00 – 2.12) .05 
    Other  Ref  
Social support availability     1140 0.77 (0.68 – 0.86) <.0001 
Satisfaction with social support 1137 0.63 (0.52 – 0.78) <.0001 
BSI GSI  1140   
   Distress  5.64 (3.60 – 8.83) <.0001 
   No distress  Ref  
Intimate partner violence 1137   
   Yes  3.59 (2.28 – 5.64) <.0001 
   No  Ref  
Tobacco Use 1196   
   Smoker  1.69 (0.98 – 2.90) .06 
   Non-smoker  Ref  
Alcohol use 1196   
   Drinker  1.10 (0.58 – 2.06) .78 
   Non-drinker  Ref  
Antidepressant use 1178   
   Yes  1.43 (0.49 – 4.20) .52 
   No  Ref  
History of mental illness 1063   
  Yes  3.11 (1.28 – 7.55) .01 
  No  Ref  
Residential move 1197   
   Yes  1.33 (0.74 – 2.36) .34 
    No   Ref  
BSI GSI is the Global Severity Index of the Brief Symptom Inventory 
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 Table 16 shows a comparison of the imputed data and the listwise deletion. The 
results of the imputed data are similar to the results using listwise deletion hence no 
further analysis was done using imputed data. 
Table 16. Bivariate associations comparing original and imputed data 
 Complete case Imputed 
 OR (95% CI) P value OR (95% CI) P value 
Annual income 0.95 (0.89 - 0.99) .04 0.94 (0.89 – 0.99) .03 
Employment Status     
    Employed 0.91 (0.63 – 1.31) .60 0.92 (0.64 – 1.34) .68 
    Unemployed ref  ref  
Social support availability     0.77 (0.68 – 0.86) <.0001 0.77 (0.69 – 0.87) <.0001 
Satisfaction with social 
support 
0.63 (0.52 – 0.78) <.0001 0.64 (0.51 – 0.79) <.0001 
BSI GSI      
   Distress 5.64 (3.60 – 8.83) <.0001 5.59 (3.51 – 8.88) <.0001 
   No distress ref  ref  
Intimate partner violence     
   Yes 3.59 (2.28 – 5.64) <.0001 3.70 (2.28 – 6.00) <.0001 
   No ref  ref  
Antidepressant use     
   Yes 1.43 (0.49 – 4.20) .52 1.42 (0.48 – 4.16) .53 
   No ref  ref  
History of mental illness     
  Yes 3.11 (1.28 – 7.55) .01 3.05 (1.26 – 7.41) .01 
  No ref  ref  
  
After testing for possible confounders, maternal history of mental illness was 
determined to be the only confounder. In multivariable analysis adjusted for history of 
mental illness, there was no association of residential mobility with postpartum 






Table 17. Multivariable analysis for postpartum depressive symptoms 
 OR (95% CI) P value 
Residential mobility   
   Movers 1.51 (0.84 – 2.71) .17 
   Non-movers ref  
History of mental illness   
   Yes 3.14 (1.29 – 7.65) .01 
   No ref  
N = 1063 
To test whether stress modifies the effect of mobility on postpartum depression, a 
multiplicative interaction term (stress x mobility) was tested in the multivariable model. 
The interaction term was statistically significant (P = .02). The analysis was therefore 
stratified by stress. In multivariable analysis stratified by stress, there was evidence of an 
association between mobility and postpartum depressive symptoms among those without 
stress (OR = 1.96, 95% CI = 0.99, 3.90) but no statistical association among those with 
stress (OR = 0.36, 95% CI = 0.11, 1.16). In non-stressed pregnant women, movers had 
nearly twice the risk of postpartum depressive symptoms than non-movers (Table 18). 
The association was absent in women with signs of stress. 
Table 18. Residential mobility with postpartum depressive symptoms in mothers with- 
and without stress 
Stress present (n = 107) Stress absent (n = 918) 
 OR (95% CI) P value OR (95% CI) P value 
Residential 
mobility 
    
   Movers 0.36 (0.11 – 1.16) .09 1.96 (0.99 – 3.90) .05 
   Non-movers ref  ref  
Model adjusted for history of mental illness 







The purpose of this study was to determine the association of postpartum 
depression with residential moves from enrollment to delivery. Few studies have assessed 
the effect of residential mobility among pregnant women on postpartum depression.   
The results suggest that residential mobility increases the risk of postpartum 
depression. Further, the results suggest that stress is an effect modifier of the association 
of residential mobility during pregnancy with postpartum depressive symptoms, where it 
is present only in non-stressed mothers. 
The prevalence of depressive symptoms in this sample of 11% is similar to that of 
13-19% previously reported. 70 It should be noted, however, that we used a low cut off of 
10 or more for depression on the EPDS, similar to what has been used in other studies, 
but creating the possibility that some women in the ‘possible postpartum depression’ 
were in fact not experiencing depression.165-168 
 The finding of an association of mobility with postpartum depressive symptoms is 
in contrast to the results of Salm Ward169 and colleagues who found no association of 
stressful life events with postpartum depressive symptoms.169 The study examined 
stressful life events that occurred in the year before the participants’ babies were born 
using data from the Georgia Pregnancy Risk Assessment Monitoring System (PRAMS) 
between 2004 and 2011. The authors reported an association of overall stress as well as 
residential mobility with postpartum depressive symptoms even though the association of 
residential mobility was significant after adjusting for other stressors.169 In another study 
using Massachusetts 2007 to 2008 PRAMS data, high financial stress, which was a 
combination of residential mobility, job loss and having a lot of bills to pay during the 
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pregnancy year was associated with postpartum depression.161 This study, however, 
involved a longer time before pregnancy and multiple sources of stress, and may not be 
comparable to the present study. 
 Stress is a known risk factor for postpartum depression.170 Although in this study 
there was a significant interaction between stress and mobility, movers without stress 
were almost two times more likely to have postpartum depressive symptoms than non-
movers. The finding of an association in lower stress women is contrary to the expected 
results since both mobility and stress may negatively affect postpartum depression.170 A 
reason for this finding could be random variability. Another possible explanation for this 
finding is sparse data bias because of the small number of participants in the categories of 
the variables in the analysis stratified by stress. It is also possible that the observed results 
are due to stress being a stronger predictor than mobility for depressive symptoms. When 
the effect of stress was removed, the effect of mobility became apparent. Stressed 
mothers had lower scores on both social support scales, were more likely to be movers 
and more likely to have depressive symptoms.  
Results from this study showed that only a small percentage of women moved 
during pregnancy. This may be because a more stable sample was included in the study 
per the inclusion criteria. A study using data from the Birth Defects Risk Factor 
Surveillance Study conducted in Atlanta, Georgia, between 1993 and 1997 reported that 
although most of the moves during pregnancy occurred in the second trimester, some of 
the moves occurred in the first and third trimesters.91 In another study, most moves 
occurred in the second and third trimesters but about 21% moved in the first trimester.42 
Additionally, there is the possibility of misclassification bias because some women may 
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have moved before enrollment in the study and may have been falsely misclassified as 
non-movers. The possible misclassification of movers could bias the results towards the 
null since it is unlikely that the misclassification is different between participants with 
and without postpartum depressive symptoms. 
Another limitation of the study is the use of self-reported data. In addition, the 
participation rate was low and could contribute to selection bias as those who refused to 
participate may have higher risks of developing postpartum depressive symptoms. There 
are no data on reasons and timing of moving as well as measures on neighborhood 
characteristics which could have provided more insight on the type of moves participants 
made and the circumstances surrounding moving.   
 A strength of this study is the longitudinal design which means temporality can be 
established (i.e. we know that any move occurred before the onset of postpartum 
depression). Furthermore, the study sample consists of a relatively large number of 
pregnant women. 
 In conclusion, in one of the few studies to evaluate such an association, we found 
evidence that women who move during pregnancy are at increased risk of postpartum 
depressive symptoms and that the effect appears modified by stress. Clinical implications 
of these results are that since pregnant movers may be at increased risk of developing 
postpartum depressive symptoms, the residential history of pregnant women should be 
ascertained and movers should be screened for depression.  To further clarify the effect of 
stress, future studies should consider testing for mediation by stress. Finally, a similar 
study with a cut off of score of 13 on the EPDS should be conducted to compare the 





Residential mobility occurs frequently in the United States.5 Past research 
indicates that there are push and pull factors that determine an individual’s residential 
moving decisions. Racial and socioeconomic differences exist in the rates of residential 
mobility.4,7,8 Ethnic minorities move more frequently and into higher poverty 
neighborhoods than Whites.9-11 Low income populations have higher rates of mobility 
and generally move for economic or social reasons such as moving to cut housing 
expenses.4,8,13  
Residential mobility can be considered a public health problem because several 
studies suggest an association with health outcomes and health behaviors in children, 
adolescents, and adults. Some of the effects of residential mobility reported in the 
literature include depression and drug use.30-32  Previous research suggests that pregnant 
women are a highly mobile group.128 Based on the increased levels of stress that may be 
experienced as a result of a residential move, in addition to the potential negative health 
effects of residential mobility reported in the literature, it is conceivable that residential 
mobility during pregnancy could negatively impact both the mother and her baby. 
However, little is known about the effect of moving during pregnancy has on birth 
outcomes and postnatal health. 
In this dissertation, I examined residential mobility in a sample of predominantly 
African American pregnant women, with data from the Conditions Affecting 
Neurocognitive Development and Learning in Early Childhood (CANDLE) study. Three 
interrelated studies were presented in this dissertation. In the first, the prevalence and 
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factors associated with residential mobility during pregnancy in Shelby County, TN, were 
assessed. The second paper investigated the association of residential mobility during 
pregnancy with adverse birth outcomes, namely, low birth weight and preterm delivery. 
In the third paper, the association of mobility during pregnancy with postpartum 
depression was examined.  
The results of the first paper showed that the prevalence of residential mobility 
among pregnant women in this population (nine percent) was closer to the lower limits of 
what has been previously reported in the literature. Additionally, most of the movers 
moved only once during their pregnancy, which is comparable to findings in the 
literature. The low prevalence of residential mobility observed in this study is likely due 
to the fact that enrollment into the study was in the second trimester of pregnancy, hence 
the study only captured moves from the second trimester to delivery.  
Educational attainment and length of residence were associated with residential 
mobility. These findings could be due to lower educational attainment being associated 
with unstable employment, or with lower income because people of low income have 
higher odds of moving than others. Length of residence may reduce residential moving 
because of the favorable effect of social integration and social support. Thus, people with 
shorter residencies may be more inclined to move than those with a longer stay duration 
because they are not attached to a community as those with longer residencies. 
 The effect of residential mobility during pregnancy on birth weight and preterm 
delivery was not significant. There was evidence of an association of birth weight with 
residential mobility in bivariate analysis. However, there was no association of mobility 
with either outcome after adjusting for potential confounders. Another finding was a 
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much lower prevalence of low birth weight and preterm deliveries than previously 
reported in Shelby County, TN. Findings from this study could be because participants 
were women with low-risk pregnancies and could have been at decreased risk for adverse 
birth outcomes irrespective of whether they moved or not. Additionally, the adverse 
effects of residential moving could be attributable to frequent moving, which was rare in 
this population.   
 More work is needed using a more varied sample and a sample that is more 
representative to determine the true effects of mobility on birth outcomes. Since the 
prevalence of adverse birth outcomes was relatively low, the observed results may not 
accurately reflect the effect of mobility during pregnancy on birth outcomes. 
 The association of residential mobility with postpartum depressive symptoms 
measured by the Edinburgh Postnatal Depression Scale (EPDS) was also examined. 
There was evidence of effect modification by stress of the mobility-depression 
association, although in a direction opposite to what was expected. When stratified by 
stress, the association of residential mobility during pregnancy with postpartum 
depressive symptoms appeared only in mothers with low stress scores. The observed 
association may be because stress is a stronger predictor of depressive symptoms than 
residential mobility and, therefore, it masked the effect of residential mobility when it 
was present. 
 Although the findings from the three studies were inconclusive, the dissertation 
makes some contributions to the literature on residential mobility by providing evidence 
of the effect of residential mobility on postpartum depression, even in a more stable 
population. Residential mobility during pregnancy is not a major public health concern 
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when it comes to birth weight and preterm delivery. Further work is needed in this field 
with a larger, representative sample of the population and with a more accurate 
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